. Multivariate modeling showed no significant effect of baseline MPA dose on 12-month risk of biopsy-proven acute rejection, graft loss or estimated GFR, or on safety events including MPA discontinuation other than a higher rate of gastrointestinal adverse events in patients with an initial MPA dose >2000 mg (p = 0.029) vs. 2000 mg. Conclusions: These findings suggest that an initial MPA dose of <2000 mg does not compromise 12-month efficacy in tacrolimus-treated kidney transplants, but controlled trials are required and the lower threshold for MPA dose remains to be defined.
Mycophenolic acid (MPA) has become a wellestablished component of immunosuppression regimens following pivotal trials with the mycophenolate mofetil (MMF) formulation in the mid-1990s (1) (2) (3) . These studies, all conducted in patients receiving concomitant cyclosporine, led to the recommendation that MMF be administered at a fixed daily dose of 2000 mg (4) . Since then, cyclosporine has largely been replaced by tacrolimus as de novo immunosuppression after kidney transplantation (5) . As cyclosporine and tacrolimus influence the enterohepatic circulation and metabolism of MPA differently (6) , MPA exposure is higher in patients receiving concomitant tacrolimus compared with cyclosporine (7) (8) (9) , with the estimates of difference ranging from 19% (7) to 46% (8) . Dose-finding studies for MPA in combination with tacrolimus are, unfortunately, lacking although the CLEAR study investigated use of an early loading dose of MMF in tacrolimus-treated patients (10) . Some centers empirically initiate MPA at a dose below 2000 mg in kidney transplant patients receiving tacrolimus, but although retrospective clinical (11) (12) (13) and registry (14) (15) (16) (17) analyses have shown an increased risk of acute rejection (11, 12) and graft loss (13) (14) (15) (16) (17) following MPA dose reductions (13, 15, 16) or discontinuation (14) (15) (16) (17) , the effect of a lower MPA dose from time of transplant remains largely unexamined. Moreover, these retrospective analyses have generally not been restricted to tacrolimus-treated patients. Also, there are limited data to suggest that the enteric-coated mycophenolate sodium (EC-MPS) formulation of MPA, in which MPA release is delayed with the aim of improving gastrointestinal tolerability, may permit maintenance of higher MPA dosing than MMF in tacrolimustreated patients (18) , but this has not been investigated from the time of transplantation.
Data collected prospectively within the Mycophenolic acid Observational REnal (MORE) transplant registry were used to evaluate efficacy and safety events during the first year after kidney transplantation in patients receiving MPA and tacrolimus. Results were analyzed according to the initial MPA dose and MPA dose over time and stratified according to use of MMF or EC-MPS.
Methods

Study design
The MORE Registry is a multicenter, prospective, observational study of de novo renal transplant patients receiving MPA therapy (either EC-MPS or MMF) as part of their immunosuppressive regi- Standard data obtained routinely during clinic visits are recorded prospectively from baseline (defined as within two wk of transplantation) at months 1, 3, 6, and 12 and annually thereafter for the first four yr post-transplant. Information is entered by designated investigator staff to a Web-based electronic data capture system with real-time data validation checks to ensure data quality and are entered directly into the study database. Data undergo an automated data quality review followed by data management review and both electronic and on-site monitoring.
Patients and immunosuppression
To minimize the possibility of center-imposed bias, investigators sought participation of all de novo renal transplant recipients seen at the study site within two wk of transplantation who met eligibility criteria. Patients 18 yr who were receiving MPA at time of discharge from hospital following kidney transplantation from a deceased or living donor were eligible for enrollment. Non-inclusion criteria were (i) multiorgan transplantation or a current or planned non-kidney graft, (ii) enrolled or planning to enroll in an investigational clinical trial involving an immunosuppressive agent that was either blinded or unapproved by the Food and Drug Administration, and (iii) unlikely to have up to five yr follow-up data available for the study. Participating centers were selected for geographic and size diversity, with investigators seeking participation of all eligible de novo kidney transplant recipients at the center. The current analysis was restricted to patients receiving tacrolimus at baseline.
MPA administration
The choice of MPA treatment (EC-MPS or MMF) is determined by the center and/or physicianspecific protocols. Enrollment targets were capped at approximately 2:1 (EC-MPS:MMF), with each center permitted to enroll a maximum of 36 EC-MPS treated patients and 18 MMF-treated patients. Doses of EC-MPS or MMF are initiated and adjusted according to local practice.
For the purposes of analysis, MPA daily doses were classified as <2000, 2000, and >2000 mg. EC-MPS dose was recalculated to the MMF equivalent by multiplying by 1.3889 (19) . The reason for MPA intolerance, defined as dose reduction, interruption, or discontinuation, was recorded.
Statistical methods
Data on MPA dosing, including maintenance of full recommended dose, mean dose, and changes from baseline; incidence and reasons for MPA intolerance; and incidence of selected adverse events, are presented descriptively according to baseline MPA dose (<2000, 2000 and >2000 mg) and for EC-MPS vs. MMF administration at baseline. Fisher's exact test was used to compare the proportion of patients maintained on the full recommended MPA dose between the EC-MPS and MMF groups. Student's t-test was used to compare mean doses between EC-MPS and MMF. First-order Markov transition probabilities were estimated to illustrate patient movement from one MPA dose group to another from the start to the end of specified periods (baseline to month 1, months 1-3, months 3-6, and months 6-12). A Cox proportional hazards model (20) was used to analyze time to biopsy-proven acute rejection (BPAR), graft failure, and MPA discontinuation within the first year post-transplant according to baseline MPA dose. A complementary log-log regression model (21) Analyses were performed using SAS statistical software (SAS Institute, Cary, NC, USA). p Values <0.05 were considered statistically significant.
Results
Patient population and baseline immunosuppression
In total, 901 tacrolimus-treated patients from 40 participating centers were included in the analysis. Seventeen patients within the data set who were receiving cyclosporine were excluded. EC-MPS was administered at baseline in 613 patients (68.0%), with MMF in the remaining 288 patients (32.0%). The majority of patients (77.6%, n = 699) received a baseline MPA dose of 2000 mg, with a further 19.9% (n = 179) receiving <2000 mg. Recipient and donor characteristics showed no marked differences between patients receiving an MPA dose of 2000 or <2000 mg at baseline (Table 1 ). An initial dose >2000 mg was preferentially used in African American patients and retransplants, a finding that would be expected in view of the higher immunological risk of these subpopulations. Among patients with a baseline MPA dose <2000 mg, baseline mean tacrolimus trough concentration was lower and maintenance corticosteroids were used less frequently than in the group receiving MPA 2000 mg at baseline. Median steroid dose was similar between groups (p = 0.39) ( Table 1) . During the study, 85 patients discontinued tacrolimus therapy, 21 of whom were switched to cyclosporine, and 55 of whom started sirolimus therapy.
Use of rabbit antithymocyte globulin (rATG) was lower, and administration of alemtuzumab was higher, in the cohort receiving <2000 mg at baseline vs. those given 2000 mg ( Table 1 ). The mean (SD) total dose of rATG was similar in the two groups (373 [151] mg in the cohort receiving MPA <2000 mg and 386 [155] mg among patients receiving MPA 2000 mg), but higher in the group with a baseline MPA dose >2000 mg (518 [143] mg).
The mean (SD) starting dose of MPA was 1866 (389) mg with EC-MPS, and 1847 (425) mg with MMF. Baseline characteristics were similar in the EC-MPS and MMF groups, with no marked differences in the use of lymphocyte-depleting induction (EC-MPS: rATG 62.2%, alemtuzumab 11.6%; MMF: rATG 55.6%, alemtuzumab 14.9%).
MPA dose changes
The proportion of patients receiving MPA 2000 mg decreased steadily over the first year posttransplant (74.5%, 62.4%, 48.5%, and 44.1% at months 1, 3, 6, and 12, respectively), with an associated increase in the proportion receiving <2000 mg (23.3%, 35.5%, 50.2%, and 55.2%, respectively). Among patients receiving MPA 2000 mg at baseline, between 10% and 24% switched to a lower dose during months 1, 1-3, 3-6, and 6-12 with no clear change in propensity to switch to a lower dose over time ( Table 2 ). The mean dose among patients initially given a dose below 2000 mg was in the range 1172-1387 mg throughout the first year. In contrast, almost a quarter of patients initially receiving <2000 mg at baseline shifted to a higher dose during the first month post-transplant (39/165, 23.6%) ( Table 2) .
The most frequent reasons for MPA intolerance (i.e., dose reduction, interruption or discontinuation) were hematologic adverse events, gastrointestinal symptoms, and viral infections (Table 3 ). There were no consistent differences in the reasons for MPA intolerance between patients with a baseline dose of <2000 mg vs. 2000 mg.
A higher proportion of patients receiving EC-MPS were maintained on at least the full recommended dose compared to those receiving MMF, a difference that was significant to month 6 posttransplant (Fig. 1A) . Correspondingly, patients in the EC-MPS group received significantly higher mean MPA doses than those given MMF (Fig. 1B ). There were no marked differences in the reasons for MPA intolerance between patients receiving EC-MPS vs. MMF (Table 4) .
Efficacy and renal function
The overall incidence of BPAR at month 12 was 9.1% (9.5% for patients receiving EC-MPS, 8 .0% with MMF [p = 0.298]). When analyzed according to baseline MPA dose, the 12-month incidence of BPAR was 7.0% with MPA <2000 mg, 9.2% for MPA 2000 mg, and 18.5% for MPA >2000 mg. (19) . Values are shown as n (%).
Cox regression modeling showed no significant effect of baseline MPA dose on the 12-month risk of BPAR when adjusted for recipient and donor factors (Table 5) . Graft loss at month 12 occurred in 2.4% of patients with baseline MPA dose <2000 mg, 2.6% with MPA 2000 mg, and 11.5% with MPA >2000 mg. There was no significant association between baseline MPA dose and graft loss on multivariate analysis (Table 5) . Mean (SD) eGFR at 12 months post-transplant was 57.9 (19.7) mL/min/1.73 m 2 for patients with baseline MPA dose <2000 mg (n = 111), 59.0 (19.8) mL/min/1.73 m 2 for MPA 2000 mg (n = 550), and 48.5 (18.6) mL/min/1.73 m 2 for MPA >2000 mg at baseline (n = 16). The linear mixed-effects model showed no evidence of a significant association between baseline MPA dose and eGFR or serum creatinine over time (<2000 mg vs. 2000 mg: p = 0.546 for eGFR and p = 0.547 for serum creatinine; >2000 mg vs. 2000 mg: p = 0.510 and 0.691, respectively).
Safety
There was no evidence of a significant effect of baseline MPA dose on risk of CMV or BKV infection, although there was a non-significant trend (p = 0.082) to higher risk of leukopenia with an MPA dose >2000 mg (Table 5 ). This may have been influenced by the higher rate of rATG induction in patients receiving MPA >2000 mg ( Table 1) . Use of other therapies that may induce leukopenia (acyclovir, ganciclovir, valganciclovir, and intravenous immunoglobulin) was similar between dosage groups other than valganciclovir, which was administered in 72.1%, 71.8%, and 95.7% of patients receiving an initial MPA dose <2000, 2000, or >2000 mg, respectively. Only six cases of thrombocytopenia were reported, so no analysis of thrombocytopenia was performed. There was a higher rate of gastrointestinal adverse events in the cohort with an initial MPA dose >2000 mg (p = 0.029) vs. those given a dose of 2000 mg, although the number of patients with baseline dose >2000 mg was small. Multivariate analysis showed that MPA dose at baseline was not associated with risk of MPA discontinuation by one yr across all patients (Table 5) or within the EC-MPS or MMF subpopulations (data not shown). There was no consistent pattern of difference in any safety event between the EC-MPS and MMF cohorts at months 1, 3, 6, and 12 ( Table 6 ). Discontinuation of study drug occurred in 11.1% (68/613) patients receiving EC-MPS and 10.1% (29/288) of MMF-treated patients by month 12.
Discussion
In this prospective analysis, there was no association between initial MPA dose and the one-yr incidence of BPAR or other efficacy endpoints in kidney transplant patients receiving tacrolimusbased immunosuppression, based on a threshold of 2000 mg/d. It should be borne in mind, however, that the number of patients in the highest dosing group (initial dose >2000 mg) was small. In this real-life population, results also highlighted the proportion of tacrolimus-treated patients in whom the initial recommended dose of 2000 mg could be tolerated, with the dose being reduced in approximately 40% of cases during the first year posttransplant.
The absence of an effect of initial MPA dose on risk of rejection does not appear to be due to selective use of lower doses in patients at low immunological risk. The proportion of African Americans and patients with PRA <30% was similar in the cohorts receiving <2000 mg or 2000 mg MPA at time of transplant, as was the proportion of living donors and the duration of cold ischemia (Table 1) . It may be relevant that the analysis used an initial MPA dose of 2000 mg as the threshold for analysis. In a retrospective study of 547 kidney 
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transplant patients in the UK, Shah et al. (13) found the rate of graft survival to decrease significantly only when the MPA dose fell to below 1000 mg, with no difference between 1000 and 2000 mg compared to 2000 mg (approximately half the patients were receiving cyclosporine, and half tacrolimus).
It is also likely that concomitant use of tacrolimus may have contributed to the lack of association between baseline MPA dose and efficacy outcomes. In an analysis of Collaborative Transplant data on 8439 low-risk kidney transplant patients receiving tacrolimus and MMF during the second year post-transplant, Opelz et al. (17) showed a significant association between graft survival and MMF dose 1000 mg vs. 1001-2000 mg in patients receiving cyclosporine, but no significant association with MMF in patients receiving tacrolimus even using a lower cutoff point of MPA dose 500 mg vs. 501-2000 mg. For a given dose, MPA plasma concentration is lowered in the presence of cyclosporine due to decreased biliary secretion of the primary metabolite MPA glucuronide (6) . In patients given tacrolimus, MPA exposure is increased relative to cyclosporine-treated patients (7-9), partly due to the lack of inhibition of enterohepatic circulation of MPA but possibly also as a consequence of a drug-drug interaction with MPA metabolism (24) . Clinically, this can permit lower MPA dosing in tacrolimus-treated kidney transplant patients without loss of efficacy. In the recent DIRECT study, 682 de novo kidney transplant recipients were randomized to cyclosporine or tacrolimus with MPA (25) . Despite a median MPA dose of 1389 mg (MMF equivalents) in the tacrolimus group compared to 2000 mg in the cyclosporine group, the rate of BPAR at month 6 was similar in both arms.
Analysis of the association between MPA dose and adverse events revealed a significantly higher rate of gastrointestinal events in patients receiving an initial MPA dose >2000 mg. Dose dependency of MPA-related gastrointestinal adverse events has been reported elsewhere (26) , possibly as a result of local gut toxicity (27) . There was also a non-significant trend to a higher frequency of leukopenia in the highest initial MPA dose group, even after adjustment for use of lymphocyte-depleting induction, but this finding should be interpreted cautiously due to the low number of patients.
The finding that mean MPA dose was higher in patients receiving EC-MPS vs. MMF is consistent with previous retrospective (2) and prospective (18, 28, 29) trials. While there were no clear differences in the reasons for MPA dose reduction, interruption, or discontinuation between the EC-MPS and MMF cohorts, the observation that there were no marked differences between the groups in the incidence of any category of adverse event (including gastrointestinal events) despite the significantly higher doses of MPA in the EC-MPS group suggests that MMF dose may have been reduced to a greater extent to achieve a similar level of tolerance. It should be borne in mind, however, that standard adverse event reporting of the type used in this study may not be sufficiently sensitive to detect differences in the gastrointestinal symptom burden between the two MPA formulations. Randomized trials of EC-MPS vs. MMF in de novo (30) and maintenance (31) kidney transplant recipients that used standard adverse event reporting techniques also observed no marked differences in gastrointestinal adverse event rates between the two formulations, while patient-reported outcome data have suggested a lower gastrointestinal symptom burden with EC-MPS (32) .
This large-scale analysis offers the advantage of prospective data collection in real-life clinical practice, where immunosuppressive dosing is not protocol-driven and the study population was not selected other than the specification that patients were receiving tacrolimus and MPA. Unfortunately, the small number of patients receiving a baseline MPA dose >2000 mg (n = 23) prohibited a meaningful consideration of this regimen. We are also aware that MPA blood concentration was not recorded and that no data were collected regarding the reasons for selection of baseline MPA dose. While every attempt was made statistically to correct for potential bias, residual bias may have remained. Lastly, as an observational study, patients and physicians were aware of whether EC-MPS or MMF was being administered, representing a potential source of bias.
In this, the first prospective analysis to consider the impact of baseline MPA dose in tacrolimustreated kidney transplant patients, an initial dose of <2000 mg was not associated with inferior immunosuppressive efficacy although neither was a safety benefit observed in this cohort. Dose reductions from the recommended starting dose of 2000 mg were made in approximately 40% of patients, but patients receiving EC-MPS were significantly more likely to remain on 2000 mg and tolerated a higher mean MPA dose without an increase in adverse events. In conclusion, this noninterventional study suggests that an initial MPA dose below the recommended dose of 2000 mg may be effective in de novo kidney transplant patients receiving standard tacrolimus-based immunosuppression, but controlled dose-finding studies are necessary to confirm this result and to identify a lower threshold for initial MPA dosing.
